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BELLA Center LPA Facilities 

BELLA Center LPA Facility’s mission  
–  Research platform for Laser Plasma Accelerator science  

 (LPAs for electrons, protons, ions and secondary radiation sources) 

BELLA Laser systems – past, present, and future  
–  Design and key operational parameters 
–  Target systems, controls 
–  Diagnostics of laser and particle beams 

Challenges in Transition to a Collaborative Research Facility  
–  Configuration control while upgrading existing beamlines  è toward new, short 

focal length beamlines and new targets, new interactions both for e--s and ions  
–  Operational experience and Safety Systems PPS (LSS&RSS), EPS 
–  Training and User Interactions  
–  Collaborative Research approach with established research groups 

 
 
 



3 
 
 

3 UNIVERSITY OF 
CALIFORNIA 

Office of 
Science 

Laser plasma accelerators are being developed for 
future colliders and ultrafast radiation sources 
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Channel guided laser plasma accelerators have 
produced up to GeV beams from cm-scale structures 

C. G. R. Geddes,et al, Nature,431, p538 (2004) 
S. Mangles et al., Nature 431, p535 (2004) 
J. Faure et al., Nature 431, p541 (2004) 

2004 result: 10 TW laser, mm-scale plasma 

2006 result: 40 TW laser, cm-scale plasma 

W.P. Leemans et. al, Nature Physics 2, p696 (2006) 
K. Nakamura et al., Phys. Plasmas 14, 056708 (2007) 

1.1 GeV 
<2.9% 
<1 mrad 
10-30 pC 

~100 MeV 
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Petawatt class lasers becoming available with a ten-fold 
expansion planned by 2017-2018 

5 
13 

-  Total peak power of all CPA systems operating today is ~11.5 PW 
-  By 2018 planned CPA projects will bring total to ~ 127 PW 
-  Estimates do not include present MJ or planned Exawatt scale projects 

Courtesy: Chris Barty, LLNL 
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The BELLA facility houses a state-of-the-art PW-laser  
for laser plasma accelerator (LPA) science 

BELLA Laser Control Room Gowning Room 

Compressor 

Plasma source Off-axis parabola High power diagnostic 

Magnet & Dump 



The BELLA PW Laser System at LBNL
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The BELLA PW Laser Interlock Zones were developed 
to efficiently mitigate laser and radiation hazard 

BELLA Laser Room  
 71-146 

Control Room Gowning Room 

Active doors at the perimeter 
 of the LSS Zones 

     LSS 
  Zone #3 

 
 

      LSS  
      Zone #1  

 
  

BELLA  
Experimental Cave  

71-146C 

Assembly 
Room 

71-126B 

     LSS  
  Zone #2 

Passive doors (Emergency Exit Only) 
 at the perimeter of the LSS Zones 
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Targeted Review Process 

The PPS was reviewed in a targeted approach 
The purpose of a targeted review process is to increase the 

number of hours spent analyzing a system by breaking the 
system into manageable study elements 

The reviews were parsed to provide a targeted study of each 
of the PPS elements 

–  Requirements 
–  Software 
–  Hardware 
–  Quality Assurance testing 

Each review was staffed with a small group of highly qualified 
personnel 
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Personnel Protection System (LSS & RSS) 
PPS is a redundant interlock system that prevents entering 

TEA when beam is delivered 
Consists of: Interlock access door position sensing devices, 

key control panels, the relay logic devices and the 
diagnostics displays associated with each component of 
the PPS safety systems. 

If one or any component fails the interlock system will 
disable the laser plasma accelerator system 
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PPS à LSS 

The LSS is divided into 3 Nominal Hazard Zones (NHZ) 
Each zone has specific requirements for allowing laser operation 

within the zone. 
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Alignment Mode 

SAGA and GAIA laser shutters closed for  
low power laser alignment  

NHZ-2 SEARCH	&	CLEAR	BOXES

ACCELERATOR

RADIATION	
MONITORS

NHZ-3

LASER 
INTERLOCK

LASER 
SHUTTER

NHZ-1

R R

The	Radiation	Monitors	marked	“R”	are	on	the	Roof.

HIGH 
POWER 

BEAM DUMP

GAIA

LP
BD

COMPRESSOR CHAMBER

NHZ-3 
SHUTTER

DIAGNOSTICS

SEED

RSS
RSS
LSS

EPS
GAIA GAIA GAIA GAIA GAIA GAIA

GAIA GAIA GAIA GAIA GAIA GAIA

SAGA

SAGA

SAGA

PPS à RSS: Five modes 
–   Safe Mode 
–   Diagnostic Mode 
–   Alignment Mode 
–   High-E Mode 
–   Crash (Emergency Off State) 
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High-E Mode 

Enclosure Searched & Secure for normal 
high power laser operation w/targets 

NHZ-2 SEARCH	&	CLEAR	BOXES

ACCELERATOR

RADIATION	
MONITORS

NHZ-3

LASER 
INTERLOCK

LASER 
SHUTTER

NHZ-1

R R

The	Radiation	Monitors	marked	“R”	are	on	the	Roof.

HIGH 
POWER 

BEAM DUMP

GAIA

GAIA

GAIAGAIAGAIAGAIAGAIA

GAIAGAIAGAIAGAIAGAIAGAIA

LP
BD

COMPRESSOR CHAMBER

NHZ-3 
SHUTTER

DIAGNOSTICS

SAGA

SAGA

SAGA

SEED

RSS
RSS
LSS

EPS

PPS à RSS: Five modes 
–   Safe Mode 
–   Diagnostic Mode 
–   Alignment Mode 
–   High-E Mode 
–   Crash (Emergency Off State) 



BELLA Procedures Control On-the-Job-Training (OJT),  
Interlock Testing and ‘Search & Clear’ Protocol 
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A LabView-based experiment control and data acquisition system 
has been developed for easy maintenance and flexibility  

Complex GUIs communicating with many devices are simple and quick to write 
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BELLA	Laser	Quality	

Temporal	Shaping	

Energy	Stability	 PoinAng:	1.2	urad	rms	 SpaAal:	Strehl	~0.9	

Toward	Fourier	limit									=											Smooth	structure	

8	hrs	operaAon	
Amp1				1%	std	

BELLA delivered ~40 fs pulses with 1e-8 contrast & ~0.9 Strehl ratio for 
the first e-beam campaigns, then upgraded toward cleaner and  

shape-controllable ~30 fs pulses with 1e-10 contrast 
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Experiments at LBNL use the BELLA laser focused by a 13.5 m focal 
length off-axis paraboloid onto gas jet or capillary discharge targets 
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Capillary	discharge	

 Laser In 

Gas jet
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4.25 GeV beams have been obtained from 9 cm plasma channel 
powered by 310 TW laser pulses (15 J on target) 

An
gl

e 
(m
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d)

Electron beam spectrum

1           2           3           4           5
Beam energy [GeV]

INF&RNO simulation*

Exp. Sim.

Energy 4.25 GeV 4.5 GeV

ΔE/E 5% 3.2%

Charge ~20 pC 23 pC

Divergence 0.3 mrad 0.6 mrad

•  Laser	(E=15	J):	
-  Measured	longitudinal	profile	(T0=	40	fs)	
-  Measured	far	field	mode	(w0=53	μm)		

•  Plasma:	parabolic	plasma	channel	(length	9	cm,	
n0~6x10

17	cm-3)	

*C.	Benedea	et	al.,	proceedings	of	AAC2010,	proceedings	of	ICAP2012	

W.P. Leemans et al., Phys. Rev. Lett. 113, 245002 (2014)	
A.J. Gonsalves et al., Phys. Plasmas, 22, 056703 (2015)	
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• PW-class lasers are enabling multi-GeV laser plasma 
accelerator research

• Experiments with gas jet, gas cell, and capillary discharges:
–  Laser spatial, temporal, and amplitude stabilities have important impact on 

performance and results achievable  

• Preparation for the transition to become a Collaborative 
Research Facility: 
–  Collect and analyze lessons learned (both internal and national, e.g. Texas PW) 
–  Maintain & develop further the On-the-Job Training (OJT) structure 
–  Optimal use of the new Work Planning and Control (WPC) system of LBNL
–  Effectively rely on the other 5 existing National User Facilities of LBNL:

§  Advanced Light Source - ALS
§  Molecular Foundry
§  Joint Genome Institute - JGI
§  NERSC
§  ESnet

Operations & Challenges Summary 
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BELLA Facility is designed for laser plasma accelerator R&D and 
expanding toward ultra-high intensity laser-matter experiments 

BELLA-i beamline 
(Initiative) 

k-BELLA 
(initiative) 

Gamma-rays, FELs, 
medical apps 

Current BELLA PW  NNSA 
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BELLA-i  - a facility for high energy density physics and 
discovery plasma science at Berkeley Lab 

BELLA-i  1 2 3 

peak intensity (W/cm2) 2 x 1019 3 x 1021 

 
3 x 1021 

 

pulse length 30 fs 30 fs 30 fs 

peak pulse energy 40 J 40 J 40 J 

laser spot size 55 µm 5 µm 5 µm 

peak repetition rate 1 Hz* 1 Hz* 1 Hz 

contrast (ns) 10-10  10-10 >10-14 

diagnostics  
(details to be determined) 

•  optical spectrometers 
•  ion and electron 

spectrometers 
•  … 

•  optical pump- probe 
•  betatron x-rays 
•  MeV protons 
•  … 

•  same as 2 
•  beamline for experiments 

with laser accelerated ions 
•  … 

1st access (estimates) 2017-2018 2018-2019 2019-2020 

1. Experiments with the existing, long focal length BELLA beamline in the existing cave 
2. Experiments in the existing BELLA cave with a new dual-beam line 

•  * shielding in the BELLA cave limits the repetition rate for experiments with generation of intense pulses of >20 MeV protons 
3. Experiments in a new cave with a beam line for laser accelerated ions 

•  * improved shielding in a three-times larger experimental area for continuous operation at 1 Hz 
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Summary & Outlook 

-  gamma production w/upgraded LOASIS setup       
(NNSA/DNN funds – construction in progress)  

-  undulator beamline for FEL (Gordon & Betty MOORE 
foundation – construction in progress)   

-  k-BELLA: high repetition rate laser development for high 
average power LPAs (pilot program is running)   

Co-location and unified operation structure of other LPA beamlines based 
on multi-TW CPA lasers at the BELLA Center help to establish coherent 

measurement standards and efficient training ground     
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Summary & Outlook 

-  solid targets in the current BELLA PW configuration 
(planning in progress) 

-  split BELLA PW beam for BELLA staging, 5+5 GeV 
electrons (planning in progress) 

-  BELLA-i (new caves, new focusing arrangement, future 
implementation) for ion acceleration  

Upcoming experiments and near-future plans w/the BELLA PW laser at 
the BELLA Center pave the road toward a Collaborative Research Facility 

devoted to Laser Plasma Acceleration (LPA) science    
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Scientific Staff:!

Postdoctoral Scholars:!

Anthony Gonsalves !Jeroen van Tilborg! Carlo Benedetti ! Stepan Bulanov!
PhD, Masters, undergrad students:!

Administrative Support:!

Guest Researchers & PostDocs:!

Martha  Condon!

Daniel Mittelberger! Brian Shaw!Joost Daniels!
Engineering & Technical Support:!

Mark Kirkpatrick !Dave Evans ! Art  Magana !Greg Mannino!Don Syversrud ! Aalhad Deshmukh!

Wim Leemans! Eric Esarey ! Cameron Geddes! Carl Schroeder !Csaba Toth! Jean-Luc Vay !

Kei  Nakamura!
Names in blue are at U.C. Berkeley!

Chris Pieronek !

Joe Riley!

Sergei Rykovanov!

Sven Steinke ! Hann-Shin Mao!

Alexandre Bonatto !

Kelly  Swanson!

Tyler Sipla! Wes Tabler!

Andy Roberts !

Nathan Ybarrolaza !

BELLA Center staff (FY ’15 - ’16)  

Ken Sihler 

Remi  Lehe ! Henri  Vincenti!

New PhD student from spring 2016: Blagoje Djordevic 

Hai-En Tsai!

Feng Liu !

Sam  Barber !
Fumika  Isono !


